Group 3 pulmonary hypertension (PH) is a common complication of advanced chronic lung disease. Our hypothesis was that group 3 PH is associated with a more severe baseline presentation and a more severe prognosis compared to group 1 pulmonary arterial hypertension (PAH), chronic thromboembolic PH (group 4), and group 5 PH. We retrospectively analyzed consecutive incident PH patients in a single center between January 2006 and November 2014. Data were acquired from a prospective database. Clinical, functional, and hemodynamic characteristics, as well as survival, were compared between the four groups of precapillary PH. A total of 363 patients were analyzed; 164 patients (45.2%) belonged to group 1 PAH, 109 (30%) to group 3 PH, 65 (17.9%) to group 4 PH, and 25 (6.9%) to group 5 PH. Group 3 patients were predominantly male and were more frequently in New York Heart Association (NYHA) class III/IV. Patients with group 3 and 4 PH were older, had significantly lower 6-min walking distance (6MWD), higher mean pulmonary arterial pressure, higher pulmonary vascular resistance (PVR), and lower cardiac index (CI) than PAH patients. Group 3 and 5 patients had significantly lower total lung capacity (TLC), forced vital capacity (FVC), and FEV1; group 3 patients had the lowest carbon monoxide transfer coefficient values. PH therapy was used in 90.9% of group 3 patients. Univariate analysis of prognostic factors in the overall population showed that age, male gender, NYHA class, groups 3 and 4 PH (vs. PAH), 6MWD, FVC, TLC, carbon monoxide transfer coefficient (KCO), PVR, CI, and venous oxygen saturation were significantly associated with greater mortality. Multivariate analysis showed that age, PH group 4, 6MWD, and KCO but no longer PH group 3 were significantly associated with mortality. Patients with group 3 PH are older, have more severe baseline presentation and lower survival rates than PAH patients in univariate analysis, that seemed to be related to older age.
Introduction
Pulmonary hypertension (PH) is a disease characterized by increased pulmonary arterial pressure (PAP) and pulmonary vascular resistance (PVR), progressively leading to right heart failure and death. PH is classified into five groups, each of them characterized by specific pathophysiological features. 1 Group 3 PH is due to obstructive or restrictive lung diseases and/or hypoxemia. 2 It is a common complication of severe chronic obstructive pulmonary disease (COPD), 3, 4 interstitial lung disease (ILD), [5] [6] [7] and combined pulmonary fibrosis and emphysema (CPFE). When present, PH is associated with decreased exercise capacity and survival rates. 8 In contrast with group 1 pulmonary arterial hypertension (PAH), [9] [10] [11] specific treatments have not shown major beneficial effects in group 3 PH [12] [13] [14] and are therefore not recommended. 1 However, in specialized centers, treatment may be discussed on an individual basis in patients with severe PH or right heart failure. We hypothesized that group 3 PH has a more severe initial presentation of the disease and a worse prognosis than the other PH groups, especially group 1. For that purpose, we described and compared clinical, hemodynamic, and therapeutic characteristics of patients with precapillary PH diagnosed in our expert center.
Materials and methods

Study population
This monocentric study was conducted in the pneumology department of the Louis Pradel Hospital, Hospices Civils de Lyon (Lyon), France. This department is designated as a PH expert center as well as a national reference center for rare pulmonary diseases. We performed a retrospective analysis of data acquired in a prospective database. Incident patients were included if a diagnosis of precapillary PH was established using right heart catheterization (RHC) with a mean PAP (mPAP) 25 mmHg and a pulmonary capillary wedge pressure (PCWP) 15 mmHg. Pulmonary vascular resistance (PVR) > 3 Wood Units (WU) was required for the diagnosis of PAH. Patients with post-capillary PH (PCWP > 15 mmHg) were excluded. Inhaled nitric oxide (NO) was used for vasoreactivity testing. Pulmonary vascular pressures were measured at the end of expiration at RHC. All patients underwent echocardiography, ventilation/perfusion lung scan, pulmonary function tests (PFT), overnight oximetry, thoracic computed tomography (CT), a 6-min walk test (6MWT), and screening for HIV and autoimmune antibodies. COPD was defined as forced expiratory volume in 1 s to forced capacity ratio (FEV1/FVC) < 0.7. Diagnosis of emphysema was performed on CT scan and/ or PFT showing hyperinflation (total lung capacity > 120% predicted). Diagnosis of idiopathic pulmonary fibrosis (IPF) and other ILD was established by multidisciplinary discussion after a thorough analysis of clinical, radiological, histological (when available), and biological findings (screening for connective tissue disease) according to international guidelines. 15, 16 Obesity-hypoventilation syndrome was defined as the combined presence of obesity (body mass index > 30 kg/m 2 ) with daytime arterial hypercapnia (PaCO 2 > 45 mmHg) in the absence of other causes of hypoventilation. CPFE was defined radiologically by the presence of centrilobular and/or paraseptal emphysema in the upper lobes and pulmonary fibrosis in the lower lobes. Differential diagnosis between group 1 PAH and group 3 PH was made according to the criteria proposed in the fifth World PH symposium. 8 Criteria favoring group 1 PAH included normal or mildly impaired PFT (FEV1 > 60% predicted for COPD ; FVC > 70% for ILD), absence or modest airway or parenchymal abnormalities on CT scan, and features of exhausted circulatory reserve on cardiopulmonary exercise testing (when available). The study started on 1 January 2006; data were censored on the date of death or lung transplantation, or on 1 November 2014. In accordance with the World Health Organization definition, patients were considered elderly when they were aged > 65 years.
The database was anonymous and complied with the restrictive requirements of the CNIL (Comission nationale de l'informatique et des liberte´s, the French organization that regulates the collection, storage, and use of personal data) and the CCTIRS (Comite´consultatif sur le traitement de l'information en matie`re de recherche dans le domaine de la sante´, the French advisory committee on health research data processing). Written consent was obtained from all patients. The study was approved by the CEPRO (Comited 'e´valuation des protocoles de recherche observationnels, the Institutional Review Board of the French learned society for respiratory medicine, Socie´te´de Pneumologie de Langue Franç aise).
Statistical analysis
Statistical analysis was performed with SPSS Statistics (International Business Machines, New York, NY, USA). Quantitative variables were expressed as median (minimummaximum value) and were compared using Mann-Whitney and Kruskal-Wallis tests. Qualitative variables were compared using the chi-squared test and Fisher's exact test when necessary. Survival status was estimated using the KaplanMeier method. The Log-rank test was used to compare survival distribution. Cox regression model was used to analyze factors associated with mortality. The proportional hazards assumption was verified by creating a Cox model with timeby-covariate interactions for each variable (introducing products between the variables and a linear function of time) and testing for their significance. A graphical method was also used to analyze the log-minus-log of the survival function versus the survival time plots (the stratum-specific log-minus-log plots exhibiting constant differences being parallel). Parameters associated with survival in univariate analysis were used as covariates in the Cox proportional model. Post-hoc analysis between group 1 and other PH groups were performed. A P value < 0.05 was considered statistically significant.
Results
Overall population
A total of 363 patients met inclusion criteria and were included in the study. Their baseline clinical and functional characteristics are detailed in Table 1 . Median age was 69 years (age range ¼ 14-89 years) and 62% (n ¼ 225) of the study population was aged > 65 years. One-, three-, and five-year overall survival rates were 84.8%, 70.8%, and 61.3%, respectively.
PAH
In total, 164 patients (45.2%) belonged to group 1 PH (Table 1) . Idiopathic PAH (IPAH) was the most common cause of group 1 PH (40.9%), followed by connective tissue disease (CTD) (26.2%), portopulmonary hypertension (PPH) (13.4%), drug-induced PAH (8.6%), congenital heart disease (CHD) (6.1%), HIV (2.4%), and heritable PAH (2.4%) ( Table 2 ). Nine patients in group 1 PH (5.5%) were considered responders to acute vasoreactivity testing and were treated with high-dose calcium channel blockers (CCB) ( Table 3 ). Five of these nine patients (3%) were long-term responders, i.e. their New York Heart Association (NYHA) class changed to class I or II after one year of treatment. One-, three-, and five-year survival rates for PAH patients were 85.3%, 75.7%, and 66%, respectively (Fig. 1) . The five-year survival rate was 70.8% for IPAH, 55.5% for CTD-PAH, 64.6% for drug-induced PAH, 50.6% for PPH, 90% for CHD-PAH, and 100% for HIV-PAH. HfpEF, heart failure with preserved ejection fraction; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease, 6MWD: 6-min walking distance; PFT, pulmonary function test; FVC, forced vital capacity; TLC, total lung capacity; FEV1, forced expiratory volume in 1 s; KCO, carbon monoxide transfer coefficient; PaO2, partial pressure in arterial oxygen; LTO, long-term oxygen therapy.
Group 3 PH
A total of 109 patients (30%) belonged to group 3 PH (Table 1) . COPD/emphysema was the most common cause (36.7%), followed by combined pulmonary fibrosis and emphysema (CPFE) (33.9%), IPF (12.8%), non-IPF ILD (11%), diffuse bronchiectasis and other causes of chronic lung disease such as tuberculosis sequelae and obesity hypoventilation syndrome (Table 2) . Pulmonary function tests for group 3 patients are detailed in Table 4 . Ninetyfour patients (86.2%) had severe PH as defined by mPAP > 35 mmHg alone, or mPAP 25 mmHg in the presence of a low cardiac output (cardiac index [CI] < 2.5 L/ min/m 2 ). In the first three months following PH diagnosis, monotherapy was initiated in 92 patients (84.5%) and combination therapy was initiated in seven patients (6.4%) ( Table 3) . Following initial diagnosis, phosphodiesterase-5 inhibitors (PDE-5i) were prescribed in 44.9% of group 3 patients, endothelin receptor antagonists (ERA) in 34.9%, and prostanoids in 4.6% of patients (Table 3) . One-, three-, and five-year survival rates for group 3 PH patients were 72.2%, 47.1%, and 37.3%, respectively (Fig. 1) . The three-year survival rate was 51.1% for COPD/ emphysema, 40.2% for CPFE, 22.9% for IPF, 30% for non IPF-ILD, and 100% for the remaining causes combined (Fig. 2) .
Group 4 PH
Chronic thromboembolic pulmonary hypertension (CTEPH) was diagnosed in 65 patients (17.9%) based on ventilation/perfusion lung scan (Table 1) . Ten patients (15.3%) underwent surgical thromboendarteriectomy. One-, three-, and five-year survival rates were 98.5%, 89%, and 81%, respectively (Fig. 1) . There was no significant difference in the five-year survival rates between patients who underwent surgical thromboendarteriectomy (87.5%) and patients who were treated medically (79.8%) (P ¼ 0.54). 
ERA, endothelin receptor antagonist; PDE-5i, phosphodiesterase 5 inhibitor; CCB, calcium channel blocker.
Group 5 PH
Twenty-five patients (6.9%) belonged to group 5 PH (Table 1) . Sarcoidosis was the most common cause (40%), followed by hematologic disorders (20%), lymphangioleiomyomatosis (LAM) (16%), pulmonary Langerhans cell histiocytosis (PLCH) (12%), splenectomy (8%), and chronic renal failure (4%) ( Table 2) . One-, three-, and five-year survival rates were 96%, 88%, and 81.7%, respectively (Fig. 1) .
The three-year survival rate for sarcoidosis with PH was 70%, and 100% for all the other diseases.
Comparison between PH groups
Comparison of clinical and functional baseline characteristics (Table 1) showed that patients with group 3 or 4 PH were significantly older (P < 0.001) and had lower 6-min walking distance (6MWD) (P < 0.001) than patients with group 1 and 5 PH. Group 3 patients had a significantly higher Charlson Comorbidity Index. Gender distribution was significantly different between groups (P < 0.001) and group 3 patients were predominantly male. NYHA class was significantly different between groups (P < 0.001) and Values are expressed as median (min-max). COPD, chronic obstructive pulmonary disease; CPFE, combined pulmonary fibrosis and emphysema; IPF, idiopathic pulmonary fibrosis; ILD, interstitial lung disease.
group 3 patients were the most numerous to initially be class III or IV. Patients with group 3 or 5 PH had lower FVC (P < 0.001), TLC (P ¼ 0.002), and FEV1 values (P < 0.001). Group 3 patients had the lowest carbon monoxide transfer coefficient (KCO) values (P < 0.001), PaO2 values (P < 0.001), and received long-term oxygen therapy more frequently (P < 0.001).
Comparison of hemodynamic baseline characteristics (Table 5) showed that patients with group 3 or 4 PH had higher mPAP (P ¼ 0.01) and PVR (P ¼ 0.001) values than patients with group 1 and 5 PH; they also had lower venous oxygen saturation (SvO2) (P < 0.001) and CI (P ¼ 0.001) values than patients with group 1 and 5 PH.
Overall survival was significantly different between the four groups (P < 0.001) (Fig. 1) . Univariate analysis of prognostic factors in the overall population showed that age, male gender, NYHA class, groups 3 and 4 PH (versus PAH), 6MWD, FVC, TLC, KCO, PVR, CI, and SvO2 were significantly associated with greater mortality (Table 6 ). When these factors were used as covariates in the Cox proportional model, multivariate analysis showed that age, PH group 4, 6MWD, and KCO but no longer PH group 3 were significantly associated with mortality (Table 6 ). Among patients with group 3 PH, multivariate analysis showed that age and TLC were significantly associated with mortality (Table 7) .
Discussion
This study describes the spectrum of patients in a PH expert center in France over an eight-year period. It is one of the rare studies comparing clinical, functional, hemodynamic, and survival characteristics between PH groups. It shows that group 3 PH, when associated with lung diseases, has distinctive features which are themselves associated with a more severe prognosis.
Compared to the other PH groups, group 3 patients are older, have a higher co-morbidity index, and have more severe functional and hemodynamic impairments. Their survival is significantly poorer, even though PAH therapy was Fig. 2 . Survival of patients with group 3 PH. COPD, chronic obstructive pulmonary disease; CPFE, combined pulmonary fibrosis and emphysema; IPF, idiopathic pulmonary fibrosis; ILD, interstitial lung disease; other, bronchiectasis, tuberculosis sequelae, and obesity-hypoventilation syndrome.
used in the majority of cases. These findings may be explained by the combined burdens of the parenchymal disease on one hand and of the pulmonary vascular disease on the other hand. They are also consistent with results of randomized controlled trials that showed the lack of a significant effect of PAH drugs in improving symptoms or mortality in group 3 PH. [17] [18] [19] [20] [21] [22] Among group 3 patients, survival was poorer in patients with IPF, non-IPF ILD, and CPFE. In our study, one-year and three-year survival rates of CPFE patients are higher than what we reported in a previous study; 7 nevertheless, these survival rates remain low. Our results are concordant with previous recent studies. One study compared the phenotypic characteristics and outcomes of 118 patients with lung disease and severe PH with 74 IPAH patients. 12 Lung disease patients were older, more hypoxemic, had lower gas transfer, worse NYHA functional class, and lower 6MWD than IPAH patients. PH therapy in severe PH lung disease did not lead to improvement in 6MWD or functional class. A second study derived from the COMPERA registry compared 151 patients with PH associated to idiopathic ILD and 798 patients with IPAH. 13 Survival rates were significantly worse in PH-ILD than in IPAH. PH therapy was associated with short-term functional improvement in some of these patients but whether this treatment affects survival was not clear. Another study derived from the ASPIRE registry compared 42 patients with COPD and mild PH to 59 patients with COPD and severe PH. 14 Compassionate treatment with targeted therapies in 43 patients with severe PH was not associated with a survival benefit, although improvement in functional class and/or fall in PVR > 20% identified patients with improved survival. The high prevalence of group 3 patients in our study may be due to a referral bias, our center being designated as a PH expert center as well as a national reference center for rare pulmonary diseases. Moreover, patients with chronic lung disease referred to our center are likely to have much more severe hemodynamics and symptoms than patients who are not referred by their respiratory physician because they have milder PH. In our study, 86.2% of group 3 patients had severe PH. This bias may hinder us from applying our results to a broader cohort of lung disease patients. This finding also explains the high rate of PH therapy in group 3 patients in our cohort, especially when distinction between group 1 PH and severe PH associated with lung disease-previously designated as ''out of proportion PH''-was difficult. However, when no significant clinical or hemodynamic effect of PH therapy was found in these patients, treatment was subsequently discontinued. Over the years, the performance of RHC in patients with chronic lung disease has become restrained with respect to the lack of significant beneficial effect of PH therapy in this population. Presently, RHC is performed according to current guidelines, in patients with normal or mildly impaired lung function, normal or modest airway, or parenchymal abnormalities and features of exhausted circulatory reserve (8) .
Another finding of our study is the high median age of the overall PH population and of the PAH population. This result is corroborated by the reported increase in patient age at the time of diagnosis [23] [24] [25] from a mean age of 36 years in the NIH registry three decades ago, 26 to a mean age of 50 years in the French 27 and REVEAL registries, 28 and up to a median age of 68 years in the COMPERA study. 29 More than half of PAH patients in our study are aged over 65 years and are thus considered elderly. Epidemiological studies have shown a global increase in the proportion of the elderly population in France. 30 Therefore, an expansion in the number of elderly patients diagnosed with PH is expected. This category of patients may have different characteristics than PAH patients described in previous cohorts. Older patients generally have a higher co-morbidity index 31 and a higher percentage of left heart disease. Another particular aspect which might mislead PH diagnosis is the high prevalence of heart failure with preserved ejection fraction in the elderly population. 32, 33 The safety of invasive diagnostic procedures, as well as the efficacy and safety of PAH therapies in the elderly population, are unknown because most randomized controlled trials involve younger patients.
A surprising finding in our study was the low rate of group 4 patients who underwent surgical thromboendarteriectomy (15.3%). In the European registry, 37% of patients were considered inoperable. 34 Although no clear explanation for this low rate was found, it could be explained by the patients' refusal of surgery (done in a single center in France) or to the lack of referral of CTEPH patients to the National Reference Center for PAH for the operability evaluation (severe co-morbidities, a priori inaccessible peripheral disease). This might also be explained by the higher age of group 4 patients in our study (median age ¼ 76 years) in comparison to the CHEST-1 trial (mean age ¼ 59 years) 35 and the European CTEPH registry (median age ¼ 63 years). 34 The higher age of group 4 patients may imply a larger delay in the diagnosis of CTPEH in this category of patients. The low percentage of surgical thromboendarteriectomy in our cohort may have affected survival analysis in group 4 patients. However, there was no difference in survival between patients who underwent surgery or not.
Our study has limitations. Retrospective analysis is prone to selection and information bias, although data were acquired prospectively. Twelve percent of PAH patients and 9.2% of group 4 patients had COPD. However, the majority of these patients (94.8%) had mild obstructive disease with FEV1 > 60% and no significant radiological abnormalities; hence, they were subsequently not classified as group 3 patients. Complete hemodynamic measures were missing for eight patients (0.02%). However, survival data were obtained for all patients and no other data concerning the baseline characteristics were missing. Another limitation of our study is its monocentric design, which may hinder the extrapolation of results. However, our study shows similar one-year survival rates for PAH patients in comparison to other registries (85% vs. 79-84%).
In conclusion, the four groups of precapillary PH have different clinical, functional, and hemodynamic presentations. Group 3 PH is characterized by the worst prognosis, partially due to the higher proportion of elderly people. Underlying respiratory diseases are certainly involved in the poor survival rates of group 3 patients. Our findings confirm that PH therapy is not beneficial in group 3 patients and should therefore not be used in this context. The epidemiology of PAH is progressively changing: it affects more and more elderly patients. The high prevalence of elderly patients in PAH requires a comprehensive study of this population, in order to better evaluate the appropriateness of invasive diagnostic procedures and the suitability of available therapies.
